Using electric field gating, researchers demonstrate switching from a single-to a multi-condensate superconducting state at an oxide-based interface, and show that this transition leads to an overall weakening of the superconductivity.
T ake a superconducting material and add more superconducting charge to it. The end result is a weaker superconductor than the original one. It sounds almost homeopathic but, writing in Nature Materials, this is exactly what Gyanendra Singh and colleagues 1 have observed in their experiments on two-dimensional superconducting states residing at interfaces in oxide-based heterosystems.
The key material in their studies is strontium titanate (SrTiO 3 ), an insulating perovskite oxide. When electronically doped, SrTiO 3 is one of the lowest carrierdensity superconductors 2 . Superconductivity arises when mobile electrons form Cooper pairs. In n-doped SrTiO 3 , these electrons have a so-called t 2g orbital character, derived from the titanium 3d xy , 3d yz and 3d xz orbitals (Fig. 1b) . At room temperature, when SrTiO 3 is cubic, the t 2g states are energetically degenerate, but symmetry-breaking effects can lift the degeneracy. A consequence of this was reported in 1980 by the first observation of multiband superconductivity in doped SrTiO 3 (ref. 3 ), which undergoes a cubic-to-tetragonal phase transition when cooled down to cryogenic temperatures.
The interest in SrTiO 3 as a hosting material for a richness of electronic phases was amplified by the discovery, in 2004, that interfaces of this material with selected insulators such as lanthanum aluminate (LaAlO 3 ) become conducting 4 (Fig. 1a) . Soon it was shown that these interfaces can also exhibit superconductivity 5 . The confinement of the induced twodimensional electron system at the interface facilitates a modulation of the carrier density, and with this the electronic/magnetic properties, by electric field gating in backgate and/or topgate configurations 6, 7 . The symmetry breaking at the interface also gives rise to a significant lifting of the orbital degeneracy, as has been studied in detail, especially for the (001)-oriented LaAlO 3 /SrTiO 3 Singh et al. is that these additional electrons do not join in the existing superconducting condensate but form a second one 1 . To our knowledge, this tunable switching between a single-and a multi-condensate superconductor is a premier result in the field of superconductivity. Remarkably, it does not seem to occur at the (001) interface, studied previously by some of the same authors, which showed single condensate behaviour under varying band occupancies 8 . A second surprise reported by Singh et al. is that the emergence of the second condensate weakens the overall strength of the superconductivity. Measurements of the superfluid stiffness -that is, the rigidity of the superconducting state against fluctuations in the phase of its wavefunction -indicate that these fluctuations can proliferate easier. This softens the superconductivity and reduces the critical temperature 1 . These conclusions are based on microwave-resonance experiments, in which the kinetic inductance of the superconductor is probed. Like for the electrostatic tunability of superconductivity, the low superfluid density of SrTiO 3 is the key enabler for such experiments, as the kinetic inductance of a superconductor is inversely proportional to that density. We note here that such microwave-resonance experiments can also be of great interest in the characterization of other lowdensity, low-dimensional superconductors, including the recently discovered magicangle twisted bilayer graphene 9 . Moreover, the high kinetic inductance and the sensitivity of these materials to changes in the Cooper pair density hold promise for applications in single-photon detectors: a single photon breaking up a Cooper pair should result in a well-detectable shift of the resonance frequency of the microwave circuit.
Based on the gate dependence of the superconducting properties, Singh et al. conjecture that the multi-condensate superconductivity at these (110)-oriented interfaces has an unconventional s ± symmetry of the order parameter (Fig. 1d) 
Moving hydrogels to the fourth dimension
Materials that permit spatiotemporal control of biomolecule presentation have long been a challenge in the field. A method has now been developed to reversibly pattern cell-laden hydrogels with site-specifically immobilized proteins using sortase-mediated transpeptidation without compromising bioactivity.
Jonathan H. Galarraga and Jason A. Burdick W ith advances in new material chemistry and processing, biomaterials have evolved in the past few decades from static and inert to dynamic and instructive 1 . This evolution has included the development of threedimensional materials that change over time -the fourth dimension -such as with stimuli-responsive materials that sense extrinsic or intrinsic signals (for example, light and enzymes), shape-memory polymers that revert from a temporary to permanent shape, or degradable materials whose properties change with material erosion. Hydrogels, or water-swollen polymer networks, are of particular interest in biomedical fields since they permit encapsulation of cells and can be engineered with a plethora of signals that mimic features of the native extracellular matrix (ECM). Numerous approaches have been introduced in recent years to spatiotemporally control hydrogels; yet, the development of techniques to manipulate important full-length proteins with such control has been challenging. DeForest and colleagues now report in Nature Materials on a method where full-length proteins can be incorporated into hydrogels without compromising their bioactivity, such that their presentation to encapsulated cells can be modulated with spatiotemporal precision and subcellular resolution 
